INTRODUCTION
Chronic elevation of the blood glucocorticoid concentration results in prolonged increases in the plasma concentrations of both glucose and insulin in the rat and man (Conn & Fajans, 1956; Bates & Garrison, 1971) . Early work demonstrated that the rates of glucose utilization were decreased in isolated rat heart and diaphragm removed from animals treated with glucocorticoids (Manchester et al., 1959; Morgan et al., 1961; Park et al., 1961; Czech & Fain, 1972) . More recently, it has been shown that corticosterone decreased the insulinstimulated rates of hexose transport in skeletal-muscle preparations of the mouse in vitro (Tan & Bonen, 1985) . Apart from this latter work, there have been no systematic studies on the effects of the administration of glucocorticoids on the sensitivity of glucose metabolism in skeletal muscle to insulin. Nonetheless, it is generally accepted that glucocorticoid-induced insulin resistance involves, at least in part, a decrease in rates of glucose disposal in peripheral tissues (Chap et al., 1986) .
The present study was undertaken to investigate the effect of chronic glucocorticoid administration in vivo on the sensitivity of the rates of both glycolysis (i.e. glucose transport; see Challiss et al., 1986) and glycogen synthesis to insulin in isolated incubated soleus and extensor digitorum longus muscles of the rat. The synthetic glucocorticoid dexamethasone was used, since it has low mineralocorticoid activity, it has prolonged action and it is easy to administer (French et al., 1985) .
MATERIALS AND METHODS Animals
Male Wistar rats weighing 140-150 g and 80-90 g were used for soleus -and extensor digitorum longus muscle preparations respectively. Rats were purchased from OLAC 1976 Ltd., Bicester, Oxon., U.K., and were kept in the department's animal quarters for at least 7 days before experimentation. Animals were randomly divided into control and dexamethasone-treated groups (treated daily at 16:00 h for 4 days with intraperitoneal injections of dexamethasone acetate suspended in sterile 0.9 % NaCl; 2.5 mg/kg body wt.). Control rats received injections of saline. The rats were housed in groups of ten, under controlled 12 h-light/ 12 h-dark cycle at a temperature of 23 +1°C. Food and water were provided ad libitum, except 16 h before experimentation, when food was withdrawn.
Chemicals and enzymes
All enzymes, biochemicals and radiochemicals were obtained from sources given previously Challiss et al., 1986) , except for dexamethasone acetate (Sigma Chemical Co., Poole, Dorset, U.K.) and mono-[1251liodinated (pig) insulin (The Radiochemical Centre, Amersham, Bucks., U.K.).
Incubation procedures
Soleus muscles were isolated and stripped as previously described . Extensor digitorum longus muscles were isolated as described by Maizels et al. (1977) , and both muscles were placed under resting tension on stainless-steel clips. Incubations were carried out in Krebs-Ringer bicarbonate buffer containing 5.5 mM-glucose (0.5 ,uCi of [U-'4C]glucose/ml), 1.5 % (w/v) defatted bovine serum albumin (Chen, 1967) incubation flasks and frozen in liquid N2; the concentration of lactate in the medium and the rates of incorporation of [U-14C]glucose incorporated into glycogen (assumed to measure the rate ofglycogen synthesis) or lactate (assumed to measure the rate of glycolysis from glucose) were measured as described previously . Rates of hexose transport plus phosphorylation were measured by monitoring the rate ofconversion of 2-deoxy[2,6-3H]glucose into 2-deoxy[2,6-3H]glucose 6-phosphate in the isolated muscle as described by Challiss et al. (1986) . The rate of oxidation of 14C-labelled glucose to 14C02 was measured by the method of Leighton et al. (1985) . The rates of glucose oxidation were never greater than 10% of the rate of lactate formation under any of the incubation conditions investigated; it was therefore considered satisfactory to use the rate oflactate production as an index of glycolytic flux. Also, chronic dexamethasone administration had no effect on basal or insulin-stimulated rates of oxidation of [14C]glucose to 14CO2. Glycogen content in skeletal muscles was determined by the method of Keppler & Decker (1973) . Insulin-binding studies Isolated stripped soleus muscles were incubated in medium containing mono-[1251liodinated insulin and unlabelled insulin in Erlenmeyer flasks. More than 95 % of the radioactivity of '251-insulin was precipitated by 10 % (w/v) trichloroacetic acid. Optimal binding conditions were achieved at 20°C during 4 h of incubation. The muscles were removed from the flasks and washed in 0.9 % NaCl containing 1 % (w/v) bovine serum albumin. The washing procedure was repeated four times. All results were corrected for non-specific binding (percentage of total binding), i.e. the radioactivity associated with muscles in the presence of 106 ,punits of unlabelled insulin/ml (Table 2) .
RESULTS AND DISCUSSION Rats treated with dexamethasone lost approx. 20 g of body weight during the 4-day treatment period, whereas control rats gained 8 g, but dexamethasone did not cause a decrease in food intake. Similar observations have been reported previously (Kelly & Goldspink, 1982; Osegawa et al., 1986) , and it has been suggested that dexamethasone induces atrophy of intestinal smooth muscle, resulting in malabsorption of nutrients from the gut (Kelly & Goldspink, 1982) . Dexamethasone treatment caused an increase in the plasma glucose concentration [from 5.3 + 0.3 (5) to 7.7 + 0.3 (5)] in 14 h-starved animals. In soleus and extensor digitorum longus muscles, dexamethasone caused marked increase in the glycogen content (130% and 55 % respectively) and significant decreases in the weight of both muscles (about 10% ) (see Table 1 ).
Dexamethasone, added to the incubation medium at a concentration of 0.1 4M, had no effect on the insulinstimulated rates of glycolysis or glycogen synthesis in the isolated soleus muscle (results not shown). This lack of effect is consistent with previous reports that only unphysiological concentrations of glucocorticoids influence insulin-responsive processes in vitro (Conn & Fajans, 1956; Tan & Bonen, 1985) .
The effects of 4 days' dexamethasone treatment on the rates of glycogen synthesis in incubated soleus muscle at various insulin concentrations are given in Fig. 1 . The concentration of insulin required to stimulate the rate of glycogen synthesis half-maximally is increased by dexamethasone from about 80 to 430 ,uunits/ml (see Fig. 1 ).
The rate of glycogen synthesis at supraphysiological concentrations of insulin was decreased (by about 25 %). A similar decrease in the sensitivity of the rate of glycogen synthesis to insulin was observed for the extensor digitorum longus muscle (the concentration of insulin required to stimulate glycogen synthesis was increased from about 140 to 370,uunits/ml). However, there was no decrease in the rate of glycogen synthesis at the maximal concentrations of insulin (Fig. 1) .
The effects of dexamethasone treatment on the incremental rates of glycolysis in the incubated soleus muscles at various insulin concentrations are shown in Fig. 2 ; the concentration of insulin required to stimulate the rate of glycolysis half-maximally was increased from about 100 to 250 ,uunits/ml. The effects of dexamethasone treatment were similar whether rates of glycolysis were measured by monitoring the increase in lactate concentration or the incorporation of 'IC from [U-14C]glucose into lactate or whether transport plus phosphorylation was studied by monitoring the accumulation of 2-deoxy[2,6-3H]glucose 6-phosphate in the muscle (results not shown). It is concluded, therefore, that dexamethasone treatment of rats for 4 days increases the sensitivity of glucose transport to insulin in isolated soleus muscle. Similar but more dramatic effects of dexamethasone were observed in the experiments with extensor digitorum longus muscle (Fig. 2) : the concentration of insulin required to stimulate glycolysis halfmaximally was increased from about 80 to 300 ,units/ ml. The methods for measuring rates of glycogen synthesis are given in the Materials and methods section. Results are presented as means + S.E.M., and statistically significant differences for control versus dexamethasone-treated rats were determined by using the unpaired Student's t test (*P < 0.05; ***P < 0.001).
There was no effect of dexamethasone treatment on the amount of insulin bound to the stripped soleus muscle (Table 2) ; this suggests that the effects of dexamethasone on the sensitivity of glycolysis or glycogen synthesis to insulin are post-receptor effects. This is supported by the observations that, although the concentrations of insulin required to stimulate either glycolysis or glycogen synthesis half-maximally in muscles from control animals are about the same, they are considerably different in muscles from the dexamethasone-treated animals (i.e. 250-300 and 370-430 ,uunits/ml respectively).
Since steroid hormones increase the maximal concentration of cyclic AMP that can be produced in response to adrenoreceptor agonists (by decreasing the agonist's capacity to uncouple the receptor-adenylate cyclase complex; Davies & Lefkowitz, 1984) , it seemed possible that dexamethasone could cause increased sensitivity of soleus muscles to adrenergic agonists. Hence any endogenous catecholamines in the isolated incubated muscles could have resulted in decreased rates of glycogen synthesis in response to insulin, as described by Challiss et al. (1986) . Hence the effect of various concentrations of isoprenaline on the rates of glycogen synthesis (at 100 ,units of insulin/ml) were studied in (Budohoski et al., 1984; Leighton et al., 1985) ; such changes may be brought about by dexamethasone treatment. Indeed, it is known that glucocorticoids inhibit phospholipase A2 activity and hence can decrease the availability of arachidonic acid for prostaglandin formation (RussoMarie et al., 1979) . However, neither of these local hormones influences the sensitivity of glycogen synthesis Vol. 246 to insulin in the isolated muscle (Budohoski et al., 1984; Leighton et al., 1985) , so that one or both local hormones may be responsible for the glucocorticoid-induced decrease in insulin-sensitivity of glycolysis. This cannot be the case for glycogen synthesis. The change in sensitivity of the latter process may be explained by the change in glycogen content. Thus dexamethasone results in increased glycogen contents in skeletal muscle, and, since increased glycogen contents per se can decrease rates of glycogen synthesis (Danforth, 1965; Ivy & Holloszy, 1981; Fell et al., 1982) , it is possible that the change in insulin-sensitivity is due to the dexamethasoneinduced increment in muscle glycogen content.
